Chernobyl accident in 1986 demonstrated that the process of foliar uptake is the dominant one in the year of 
the International Atomic Energy Agency BIOMASS between anthesis and ripening. If deposition occurs when plants are (BIOsphere Modelling and ASSessment) project, disbearing fruits, the fruit activity will be affected by the activity initially deposited on the fruit surfaces. This is important for 85 
Sr as it is
cussed modeling and experimental studies to improve not translocated in the phloem. The loss of the dead leaves at the assessment of the transfer of radionuclides to fruit (Inresumption of growth causes high plant decontamination, but a fracternational Atomic Energy Agency, 2003) . Results from tion of both radionuclides remains in the storage organs, roots, and the group activities demonstrate that this field is still shoots, which is retranslocated to fruits in the following spring. The affected by large uncertainty due to the lack of knowlvalues of the environmental half-time, t w , after deposition at predoredge and poor understanding of processes. their distribution in the plant components have been investigated after deposition of small radioactive droplets onto their leaves (Zehnder et al., 1993 Kopp S trawberry is an herbaceous fruit-bearing plant, et al., 1990) . No study has been performed on either widely grown in temperate, subtropical, and tropical direct contamination of fruit, or seasonality, a term prohighland climates. Its production has increased dramatiposed by Aarkrog as the dependence of plant contamically during the past decades. As a consequence, strawnation on the time of the year when the deposition berries have become a popular dessert fruit available occurs (Aarkrog, 1992) . fresh all year. Europe produces about 50% and North This research was designed to evaluate the fate of America 25% of the total world production. The USA, 134 Cs and 85 Sr in strawberry crops in the short term folPoland, Spain, Japan, and Italy are the greatest strawlowing wet deposition to the aboveground part of the berry-producing countries, together totaling 70% of the plant. Data were provided for the validation of SPADE world production (Rosati, 1993) . Strawberries have to models, used for radiological assessment by the UK be considered one of the leading crops, particularly in Food Standards Agency. Cesium and strontium were new countries, where the industry is expanding, since chosen because of their persistence in the environment they rapidly raise the income of rural communities (Ro- and their mobility in the biological systems. The prosati, 1993) .
cesses of interception, loss, and leaf-to-fruit translocaIn the case of an acute release of radionuclides to tion of 134 Cs and 85 Sr in strawberry plants have been asthe atmosphere, the aboveground part of the plant can sessed. become a receptor of pollutants, posing a hazard to the environment and humans. The experience after the spectrometry) (Papp and Fischer, 1987) . Data are reported in Table 1 . single crop from early May to June. After harvest the plants are removed and replaced by new plants.
Experimental Design and Plant Contamination
Strawberries can be grown outdoors or in ventilated poly-
The study was performed for three consecutive years. New thene tunnels (protected culture) to speed up fruit ripening plants were transplanted into fresh growing medium each year and to protect fruit from excess rain. Tunnel growing condiat the end of July. The experimental design considered the tions are widely used, mainly in Europe and Japan. However, contamination of the aboveground part of different sets of tunnels only exert a partial protective function against fallout plants at three stages of development: predormancy, anthesis, deposition, as demonstrated by Baldini et al. (1986) after the and beginning of ripening (Table 2) . At the predormancy stage Chernobyl accident.
(beginning of November) plants had well-developed leaves, One-hundred twenty cold-stored plants, cultivar MISS, but no flowers, fruits, or runners. At the anthesis stage (April) were received from the farm Martorano 5 (Cesena, Italy). At plants had well-developed leaves, flowers, and few small green end of July they were transplanted in 18-ϫ 18-cm (volume ϭ berries. At the stage of the beginning of ripening (May) plants 3.6 L) pots filled with a horticultural substrate (fair peat)
were bearing a few flowers together with green and ripe berries mixed with agriperlite at 15%. Peat substrate was chosen to (Fig. 1) . While contamination at anthesis and at ripening was reproduce the growing conditions of commercial plants. Pots performed each year, that at predormancy was conducted in were placed under a tunnel (2.5 ϫ 12.0 ϫ 2.0 m) covered with only one year. The second-year treatments were performed polythene from the top down, leaving a margin of 1 m from earlier than in the other two years: at preanthesis (plants with the ground. This minimized loss of radioactivity by rain while few flowers) and before ripening (plants bearing mainly green allowing natural ventilation. This brought near-natural condiberries and some flowers). Sr between the two double rows were 110 cm. The plant density mother solutions were mixed and diluted with double-distilled was 5.2 plants m Ϫ2 . Irrigation was provided, as required, by water to obtain a final solution containing the desired concenan automatic drip system. Plants were also regularly fertilized tration of the radionuclides. A delay in delivery of 85 Sr made and treated with pesticides for disease control.
it impossible to contaminate plants with 85 Sr in the third year at anthesis.
Characteristics of Growth Medium
Each plant was introduced into a plexiglass box measuring 50 ϫ 50 ϫ 60 cm to prevent the contamination of the surThe main physicochemical characteristics of peat were determined: density, moisture (at 105ЊC), ash (at 550ЊC), pH in rounding environment during sprinkling. A sprinkler was introduced into the box 20 cm over the foliar apparatus, and H 2 O and in CaCl 2 , cation exchange capacity (CEC), organic matter, exchangeable potassium and calcium (extraction with about 1 mL of the radioactive solution was sprinkled onto the plant. Before treatment, the soil was covered with a plastic 0.5 M HCl and determination by inductively coupled plasma [ICP] ) (Cunniff, 1995) , organic carbon (Springer and Klee), sheet to avoid direct contamination. The plastic sheet was removed after treatment and the soil surface was covered with total nitrogen (Kjeldahl) (Ministero delle Politiche Agricole e Co. The ␥ spectrum analysis was performed using the program SAMPO 90 (Logion Oy, Hela layer of expanded clay to avoid contact between leaves and sinki, Finland). Each sample was analyzed for a time sufficient soil. The activities administered to the aboveground part of to collect at least 4000 net counts in the peaks of interest to the plant for each year of the study, expressed as kBq plant
Ϫ1
, reach a maximum error of 3 to 4% at 95% confidence. are reported in Table 3 .
Fruits were analyzed while fresh, whereas leaves, crowns, roots, and soil samples were analyzed after drying. Samples from each plant were analyzed separately. In the case of Harvests crowns, samples from three plants were pooled, to produce a minimum volume suitable for ␥ analysis. Different counting • Loss. The aboveground part of three plants was cut before geometries were employed, depending on the size of the anamaturity to assess the residual radioactivity at an intermelytical sample. All results were decay-corrected to the same diate stage between contamination and harvest.
reference time, arbitrarily chosen as the average date of fruit • Fruits. The remaining plants were left to grow to allow harvest. Various parameters have been calculated, whose exfruits to mature. Ripening, like flowering, is a scalar propression is reported below. cess in the strawberry. Fruits were picked when ripe. The harvest lasted about one month.
• Leaves, crowns, and roots. At the end of the fruit harvest,
RESULTS
the whole plant was sampled and divided into leaves (blades ϩ petioles), crowns, and roots. The latter were Intercepted Activity and Leaf Area rinsed carefully to remove adhering soil.
Interception is the fraction of activity deposited on Table 4 (fruits) and Table 5 (leaves, mass, called "leaves" for brevity. When plants were crowns, and roots). Each dried sample was ground and homogbearing fruits, these were analyzed separately. The enized before analysis by ␥ spectrometry. A different protocol means and standard errors of interception for four repliwas followed for fruits. These were weighed as collected and cates are summarized in Table 6 for the three years of frozen plant by plant during the whole harvest. The samples study and the three growing stages considered.
were then defrosted, crushed, homogenized, and analyzed by
The same four plants were also used to determine ␥ spectrometry. Finally, they were dried following the same procedure as for the other samples, to determine their dry leaf area. After harvesting, each fresh leaf blade was matter content.
cut from the stalk, laid out on a sheet, and photocopied onto a transparency. Detection of the area of the leaves Gamma Analyses was performed by passing photocopied transparencies through a Model LI 3000 surface integrator leaf area plant Ϫ1 , as well as foliar biomass, expressed as g of dry to 1.2% of the sprayed activity for both radionuclides, weight plant Ϫ1 , are reported in Table 6 . depending on the plant stage at time of deposition Interception of 85 Sr was found to be generally higher (Table 6 ). Even though only four points are available than that of 134 Cs. This is mainly due to the adsorption for 134 Cs and three points for 85 Sr, it has been considered of radionuclides onto the surfaces of glassware. Such useful to draw some conclusions on the trend of the adsorption, being higher for 134 Cs than for Cs interception by the plant. Trials performed at our their dry biomass ( (Table 6 ). In Translocation coefficients can be converted into dry various experimental situations the interception of wet weight by the dry matter content (Table 4) . deposited activity was found to be positively correlated
The average values of the TCs following deposition with the leaf area and/or with the dry biomass of the at different growing stages are shown in Table 7 . It is crop: interception increases as leaf area per unit of soil evident that 134 Cs is translocated from leaf to fruit to a or biomass increases (Prö hl and Hoffman, 1996) . In this greater extent than 85 Sr. The difference between the study comparisons between anthesis and beginning of ripening for the first and the third year show that there is no positive correlation between interception and leaf area or leaf dry biomass. Although leaf area and, in general, biomass increases from anthesis to ripening, interception decreases. Photographs taken from the top of plants during contamination show that, while at anthesis almost all the leaves were horizontally exposed to intercept the maximum amount of light, at ripening the more external and aged leaves were bent down, with a reduced intercepting efficiency. It seems therefore that interception at the stages considered in the present study is more affected by variables such as the posture and physical orientation of leaves, rather than by parameters such as leaf area or biomass.
Deposition can affect also fruits. Fruit interception capability, however, is lower than that of leaves due to their ovoidal shape and their orientation toward the base of the plant. The interception values range from 0.2 (9.9 Ϯ 1.8) ϫ 10 Ϫ5 2 preanthesis (2.9 Ϯ 0.1) ϫ 10 Ϫ4 (2.8 Ϯ 0.1) ϫ 10 Ϫ5 before ripening (3.9 Ϯ 0.2) ϫ 10 Ϫ4 (7.8 Ϯ 0.5) ϫ 10 Ϫ5 3 predormancy first harvest (3.7 Ϯ 0.3) ϫ 10 Ϫ4 first harvest (6.0 Ϯ 0.4) ϫ 10 Ϫ5 second harvest (1.0 Ϯ 0.1) ϫ 10 Ϫ4 second harvest (7.6 Ϯ 0.9) ϫ 10 Ϫ7 average (2.5 Ϯ 0.2) ϫ 10 Ϫ4 average (3.4 Ϯ 0.3) ϫ 10 Ϫ5 anthesis (3.5 Ϯ 0.2) ϫ 10 Ϫ4 -beginning of ripening (1.6 Ϯ 0.2) ϫ 10 Ϫ4 (4.8 Ϯ 1.0) ϫ 10 Ϫ5
TCs for the two radionuclides is of one order of magnithat the contamination of fruits, harvested during the 30-d period after contamination, is the result of the tude: 10 Ϫ4 for 134 Cs and 10 Ϫ5 for 85 Sr. When comparing the growing stages it appears that processes of direct deposition, loss from fruit surfaces, leaf to fruit translocation, and growth dilution. These the highest TCs are obtained in plants contaminated at anthesis and before ripening. At these stages the processes will affect the final activity of fruit depending on whether fruits are harvested just after the deposition translocation of both radionuclides from leaf to fruit reaches its highest intensity.
or at various times later. The TC values reported in Table 7 represent the average activity of the whole harWhen deposition occurs at predormancy, in autumn, plants expose well-developed leaves to fallout, even if vest per plant. By analyzing the TCs reported for 134 Cs and for 85 Sr some are aged. They do not bear any flowers, fruits, or runners, but have developed flower buds for the next in Fig. 3 , it is possible to study in more detail the trend of the radioactivity during the time of harvest. Fruits spring. At the resumption of growth, plants have lost all the old leaves and produce new ones that are initially harvested during the first experimental year after deposition at the beginning of ripening were kept separate nourished by the nutrients translocated to the storage organs, roots, and crowns the previous autumn. In the for each consecutive harvest, for a total of five harvests, during one month. The five harvests were performed 0, present study, the removal for dead and senescent leaves in spring, four months after contamination, removed 5, 9, 15, and 26 d after deposition. The TCs ascertained in fruits at the first harvest (Day 0) can be ascribed to the largest fraction of intercepted radioactivity, approximately (65.6 Ϯ 5.1)% for Following deposition at predormancy, the TCs for 10 Ϫ4 while those of 85 Sr, after an initial decrease to (3.0 Ϯ 0.5) ϫ 10 Ϫ5 , remain fluctuating around an average value fruits at harvest are on average one order of magnitude higher for 134 Cs than for 85 Sr (Table 7) . Fruits at the of (6.7 Ϯ 1.8) ϫ 10 Ϫ5 . The decrease of 85 Sr TCs from the first to the second harvest (Day 5) is probably the time of harvesting were divided into two groups: a first harvest, performed around 191 d after contamination, result of the loss process from the fruit surfaces. Radionuclides deposited on fruits are only partially absorbed and a second harvest, performed 204 d after. The TCs calculated per each harvest (Table 7) show decreasing into the internal part of the fruit. A considerable fraction can therefore be lost in the environment. While this concentrations from the first to the second harvest: four times for 134 Cs and two orders of magnitude for 85 Sr. fraction is measurable for 85 Sr, and corresponds to an average of 59 Ϯ 2% of the intercepted activity, it is not This occurs notwithstanding the decrease of fruit biomass, from 274.3 Ϯ 10.5 to 222.6 Ϯ 25.4 g plant Ϫ1 and the same for 134 Cs, where the process of leaf-to-fruit the increase in dry matter content, from 6.2 Ϯ 0.2 to 7.4 Ϯ 0.5%, in the consecutive harvests, that, in conditions of constant uptake, would support an increase in radionuclide concentration per unit weight. The processes of radionuclide translocation to storage organs before dormancy, followed by their retranslocation to various plant components at the resumption of growth, probably favor a higher concentration in those fruits developed from the first buds in spring, fed by remobilized nutrients, than in fruits developed later in the season.
If deposition occurs when plants are bearing fruits, the fruit activity at harvest will be affected by the activity initially deposited on the fruit surfaces (Table 6 ). This is the case of plants contaminated at the stage of begin- ning of ripening (Table 7) . It should be noted, however, Sr present shown in Table 8 . The residual fraction is radionuclide in the aboveground part of the plant at various times dependent. The RFs are higher for 85 Sr than for (Table 8 ) and for plants contaminated at predorwith the linear trend of the regression. mancy (Table 9) .
From the mathematical equations of the linear lines At the time of the fruit harvests, which occurred bethe parameters of the environmental half-time, t w , have tween the penultimate and final sampling, the whole of been calculated. The environmental half-time is the time the aboveground part of the plant was not sampled. The necessary for one-half of the radioactivity to be removed RFs are therefore available for fruits, but not for the by environmental processes. The t w values, when deposiremainder of the shoot system. It is believed however tion occurs at anthesis, are 74 d for 85 Sr second year, that the plant activity at the time of fruit sampling is an 59 d for 134 Cs second year, and 46 d for 134 Cs third year. If the data for 134 Cs are considered together, irrespecinteresting point, especially for plants contaminated at tively of the year, a t w value of 58 d is obtained. the predormancy stage. The theoretical RFs of the The RFs after deposition at predormancy are shown aboveground part of the plant (mainly leaves) at the in Table 9 . The trend of radioactivity in leaves during dates of fruit harvests have been derived from the lines the period of almost eight months is shaped by the loss drawn between Days 33 and 80 for the second year and of the directly contaminated leaves at the resumption 26 to 70 for the third year (data in Table 8), and 163 of growth where a complete renewal of the aboveground to 234 (data in Table 9 ). The theoretical RFs of the part of the plant takes place. In the first four months Sr activity in the various plant compoin the plant is quite similar to that at the stage of anthesis nents at harvest has been defined as activity fraction with 95.5% in leaves, 2.1% in fruits, 2.2% in crowns, (AF). The activity fraction of the ith sample (AF i ) is and 0.2% in roots. For 134 Cs, however, the percentage expressed by the ratio:
of radioactivity is higher in leaves (89.3%) and lower AF i ϭ total Bq in plant component/Bq intercepted in fruits (6.5%) than that at anthesis. The remaining 3.7% is in crowns and 0.5% in roots. The AFs of 134 Cs and 85 Sr in leaves, fruits, crowns, and
The activity of the soil samples has been expressed roots following deposition at the three growing stages as (Bq g Ϫ1 dry wt. soil)/(Bq intercepted). The average of predormancy, anthesis, and ripening are shown in values of soil activity after deposition at predormancy, Table 10 . Average values have been reported when the anthesis, and ripening are given in Fig. 4 . The days AFs were available for more than one year. The AFs from deposition to harvest, 232, 65, and 39, have been give a picture of the share of radioactivity expected in reported in the graph instead of the growing stages. the different plant components at the time of harvest.
In general, the longer the time between deposition After deposition at predormancy the activity in the and harvest, the higher the activity in soil. This applies whole plant is the lowest, about 20% for 134 Cs and 3% mainly to 134 Cs, whose activity is also higher than that for 85 Sr of the total intercepted, as a consequence of the of 85 
Sr. removal of the largest part of directly contaminated
The data on the distribution of radioactivity in the biomass at the resumption of growth. Of all the plant two layers of soil have not been reported. However, components, fruit concentrates the largest percentage they show that the largest fraction of activity, from 80 of radioactivity, with 61.6 and 53.3% of the total for to 90%, is concentrated in the upper 4 cm for both 
DISCUSSION Interception
During the temperate-climate growing season the shoot system of strawberry rapidly changes its physical architecture (the proportion of crowns, leaves, and fruits) in a short period of time (Fig. 1) . At anthesis, petioles are shorter and leaves are smaller and horizontally oriented, with a thinner cuticle on the upper leaf surface than at ripening, when older leaves are partially inclined to the bottom. The physical structure and spatial arrangement of the plant components affect the interception capacity of the shoot system, one of the Fruit contamination after deposition at predormancy deserves a different comment. A proportion of the rafactors contributing to seasonality, defined by Aarkrog (1992) as the varying response to radioactive contaminadionuclides intercepted by, and absorbed into, the leaves is remobilized and translocated to the storage tion of environmental samples according to the time of the year when the contamination occurs.
organs before leaf drop. Remobilization is the decrease in the net content of elements in leaves (Marschner, Few studies have considered interception by fruit. Those results obtained in real-world conditions, such 1986). It is highly selective for mineral elements and depends on the concentration of mineral elements in as in the aftermath of the Chernobyl accident, do not differentiate between direct and indirect contamination.
the fully expanded leaves (Loneragan et al., 1976; cited by Marschner, 1986) . Given that Cs, as reported above, There are no data on strawberries and the other few data available are not suitable for comparison, being is better absorbed than Sr and more mobile in the phloem, its remobilization and translocation to roots obtained in different experimental conditions and/or expressed with different units of measure. Direct conand crowns is presumably higher than that of Sr. Sr from roots and crowns to fruits. Strawmately 0.11% of the deposition (Pinder et al., 1987) and the authors calculated that approximately 0.8% of the berry fruits have been shown to act as sink for cesium (Zehnder et al., 1993) . deposited 238 Pu would be intercepted by fruits in mature orchards. The order of magnitude of interception is simiFollowing deposition at the various growing stages, activity in fruit is not only the result of a different interlar to that obtained in this work for strawberries, ranging from 0.2 to 1.2% of the applied activity.
ception capacity by the shoot system, as indicated in the mathematical expression of the TCs, but also of different absorption and remobilization capacities. Ab-
Leaf-to-Fruit Translocation
sorption is not only radionuclide specific as reported Fruit can also receive radionuclides via translocation above, but also depends on leaf senescence. Leaf age from contaminated foliage. After leaf interception, is a parameter that seems to reduce the absorption of which is higher for 85 Sr than for 134 Cs (see above), radioradioactivity (Aarkrog, 1969) . On this basis it can be nuclides are absorbed into the leaf. The rate of penetraassumed that leaf absorption is higher at anthesis than tion of cations through the cuticle is inversely related at ripening or even more at predormancy. On the other to the size of the hydrated ion, so that Cs is absorbed hand, the extent of remobilization depends on the plant more readily than Sr (Swietlik and Faust, 1984) . After growing stage. For example, during the reproductive leaf absorption, the radionuclides can be translocated stage the degree of remobilization of micronutrients and to fruit through the phloem. The efficiency of translocaof calcium is often astonishingly high compared with tion is radionuclide dependent. Cesium, chemically that during vegetative growth (Marschner, 1986) . It folanalogous to potassium, is mobile in the phloem translows that the process of leaf-to-fruit translocation is port system, while strontium, a calcium analog, is virtuhighest at anthesis. This is particularly evident for 134 Cs. ally immobile (Marschner, 1986) .
All the factors discussed above contribute to seaThe contamination of fruit arises from leaf-to-fruit sonality. translocation when deposition occurs at anthesis. The fruit activity has been expressed as the percentage of the The residual fraction in the aboveground part of the plant at various times after deposition is the result of higher mobility of Cs compared with Sr. Following contamination of strawberries via application of droplets processes of external loss (L ext ), from the aboveground part to the environment, and of internal loss (L int ), from to leaves, Kopp et al. (1990) found that 20% of the applied Cs and 0.3% of the applied Sr was translocated the aboveground part to other plant components (Carini and Bengtsson, 2001) . External loss is due to the action from leaf to fruit. In similar experiments, Zehnder et al. (1993 ascertained that while 28 to 36% of of wind, abrasion between leaves, and shedding of cuticular wax. The action of rain is excluded in this case applied 134 Cs was translocated from leaf to fruit, no 85 Sr was found in the fruit.
Residual Fraction in Time
since plants were placed in a tunnel, while fog, dew, and air humidity can all contribute to L ext . Radionuclides, Results on fruit contamination obtained after deposition at the beginning of ripening, 7% for 134 Cs and 2% mainly cesium, also undergo L int : absorption, remobilization from leaves, and translocation from the point of for 85 Sr, are not comparable with those reported in the literature on leaf-to-fruit translocation, being mainly the application. Different climatic conditions in different years (e.g., wind, humidity, temperature) can produce result of direct deposition on fruit. In contrast to data on leaf-to-fruit translocation, the order of magnitude of different residual fractions in the plant. The results summarized here show that the residual fruit contamination is the same for 134 Cs and 85 Sr. Cesium-134 activity is lower than that derived from the fraction of 134 Cs after deposition at anthesis is lower than that of 85 Sr. These results confirm the study of leaf to fruit translocation, while 85 Sr activity is higher. Kopp et al. (1990) Sr. However, a more detailed tected from rain (Prö hl and Hoffman, 1996) . analysis of the results does not provide conclusive eviSenescence of leaves is a mechanism for radionuclide dence for a higher loss of 134 Cs than 85 Sr from the plant removal. After removal of dead contaminated leaves (see below). This trend is only evident after deposition from strawberry plants, the residual fraction is considerat anthesis, when the metabolic activity of the plant and ably reduced. At this stage the RF is the result of the the process of leaf to fruit translocation reach their process of translocation of radionuclides from roots and highest intensity and 134 Cs is translocated to other plant crowns, where they had been stored before dormancy, components and fruits to the largest extent.
to the new emerging leaves. Before dormancy 134 Cs is The environmental half-time, t w , reported in literaprobably translocated through the phloem toward the ture, is determined per unit area of ground, which exstorage organs more than 85 Sr. For this reason the RFs cludes the effect of growth dilution, or per unit mass of in new leaves are higher for 134 Cs than for 85 Sr. vegetation (Prö hl and Hoffman, 1996) . In the present
The t w values derived from the whole period after work t w was determined per plant and is the same as deposition at predormancy cover an initial period of per unit area. It should be noted that the t w values, not four months during which the vegetation was dormant being a specific object of this work, have been calculated (see above), and a second period of four months during even where only few points were available. They are which the plants were growing quickly and fruiting. Sr, translocated in field conditions, where precipitation increases the to the storage organs before dormancy and retransloprocess of loss through wash off from the surface and cated at the resumption of growth to new shoots and leaching of radionuclides from the leaf tissues. In experileaves, are highly remobilized during fruit development ments in which the environmental half-time was deter-(see above). To give an example of high remobilization mined simultaneously on experimental plots protected during the reproductive stage, in lupine (Lupinus albus against rain, significantly longer values for t w were ob-L.) up to 50% of the micronutrients and 18% of the served (Ertel et al., 1989; Krieger and Burmann, 1969;  calcium that originally accumulated in the leaves were cited by Prö hl and Hoffman, 1996). Ertel et al. (1989) retranslocated to the fruits (Hocking and Pate, 1978 ; found a t w of Ͼ60 d for grass grown in pots protected cited by Marschner, 1986) . from rain, and a t w reduced by a factor of 2 (30 d) for
The distribution of each radionuclide in the plant plots not protected from rain. Data for fruit plants, components is similar after deposition at anthesis or at produced in greenhouses or in precipitation-free condiripening. In general 134 Cs shows a tendency to be allotions (Kopp et al., 1990; Bengtsson, 1992; cated to fruits, which act as a sink for potassium for al., 1995) show lower loss of radionuclides than data strawberry plants, while 85 Sr tends to remain in leaves obtained under field conditions (Carini et al., 1999; Car- and crowns. Similar results were found in experimental ini and Lombi, 1997).
work on grape vines (Vitis vinifera L.) contaminated via As discussed by Prö hl and Hoffman (1996) , the stage leaves, where at ripening 48% of 134 Cs was concentrated of plant growth plays an important role in determining in berries while 57% of 85 Sr remained in leaves (Carini the removal rate of radionuclides from the plant. Some and Lombi, 1997). studies indicate that processes of radionuclide removal A fraction of the radioactivity intercepted by the plant from the surfaces of herbaceous vegetation (mostly is found in the soil at the end of the growing cycle. This grasses) may be substantially reduced after the plant is ascribable to the process of translocation of radionudies or becomes dormant (various authors, cited by clides from leaves to roots, followed by root exudation Prö hl and Hoffman, 1996) . In contrast, shedding of and root loss (Hale et al., 1978) . Translocation mainly waxes was demonstrated to be greatest when plants are depends on radionuclide mobility in the phloem and on growing quickly (Juniper, 1960) . After deposition on the plant. In greenhouse studies on grape vines Zehnder strawberries at the stage of predormancy the t w values et al. (1995) reported that a large percentage of radiocecalculated for the first slope of the curve, a lapse of four sium, but not of radiostrontium, can be released from months, are considerably higher than those calculated the plants to the soil. However, other studies performed after deposition at anthesis: 186 d for Sr in soil (Carini and trend, because they are derived from two points. The longest environmental half-lives reported in the literaLombi, 1997). This is ascribable to the action of wind and rain on the loss of radionuclides from the system • Cesium-134 shows a tendency to be allocated to fruits, which act as a sink for potassium for strawand subsequent deposition to the soil.
In the present work the activity of 134
